Background. The renin-angiotensin system (RAS) has been considered to be responsible for the pathogenesis or progression of many diseases which may or may not be related to kidney. Genetic polymorphisms of the various components of the RAS have been associated with differences in the clinical course of several disease states in adults and children. Objectives. The purpose of our study was to investigate RAS gene polymorphisms in patients with steroid resistant primary focal segmental glomerulosclerosis (FSGS) and nephrotic syndrome responding to steroid therapy. Furthermore, we aimed to investigate whether there was an association between polymorphic alleles and responses to steroid therapy, the degree of renal dysfunction, and prevalence of end-stage renal disease (ESRD). Material and methods. One hundred and fifty-eight children with the diagnosis of nephrotic syndrome were recruited from the Nephrology unit in the Department of Paediatrics of Ege University. Forty-nine of them were classified as renal biopsy-proven FSGS and 102 patients were considered to have response to steroid treatment. Renal functional impairment was detected in 19 subjects with FSGS and end-stage renal insufficiency in 13 patients. The control group consisted of 287 healthy adult subjects. Angiotensin-converting enzyme (ACE), angiotensin II type 1 receptor (AT 1 R) and angiotensinogen (AGT) gene polymorphisms were determined by the polymerase chain reaction (PCR)-restriction fragment length polymorphism (RFLP) technique. Statistical significance was regarded as p<0.05. Results. There were no statistically significant differences for the C allele of AT 1 R or the T allele of AGT genes between the children with nephrotic syndrome and control group, but on the other hand statistically significant differences were detected for D allele of ACE gene. There was no significant relationship detected between the D allele of ACE, the C allele of AT 1 R or the T allele of AGT genes and response to steroid therapy, extent of renal dysfunction and the progression to ESRD. However, there was a significant relationship
Introduction
Idiopathic nephrotic syndrome is the most common cause of nephrotic syndrome in children. Two types of idiopathic nephrotic syndrome can be described according to the response to corticosteroids, steroid-responsive and steroid-resistant. Minimal change disease (MCD) most often responds to corticosteroids. A significant proportion of patients with focal segmental glomerulosclerosis (FSGS) respond to corticosteroids, whereas some patients with MCD are resistant to corticosteroids. [1] [2] [3] Moreover, stages of FSGS and MCD are distinguishable. Steroid resistant idiopathic nephrotic syndrome accounts for more than 10% of children who progress to end-stage renal disease (ESRD). Although the pathogenesis of ESRD is controversial, an altered renin angiotensin system (RAS) may play a role.
Genetic factors have been suggested to be important in determining the progression of idiopathic nephrotic syndrome. Angiotensinconverting enzyme (ACE), angiotensinogen (AGT) and angiotensin II type 1 receptor (AT 1 R) are the potential candidates as prognostic factors in the progression of renal damage and the development of ESRD. 4 Angiotensin II (Ang II) is the most active product of the RAS, which is both a local and a systemic regulator of haemodynamics. 5 Ang II; which is active in promoting renal mesenchymal cell growth, in the synthesis and secretion of extracellular matrix, and in inflammatory events, plays a key role in progression of renal diseases. 6 RAS-related studies in children have particularly focused on nephrotic syndrome (NS) patients. 7, 8 The polymorphism 138 
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related to insertion or deletion of 287 bp part of intron 16 in the ACE gene is the first and the most commonly studied polymorphism related to RAS. 9 The other polymorphisms are A1166C polymorphism in AT 1 R and M235T polymorphism in AGT gene. [10] [11] [12] [13] [14] [15] [16] [17] In this study, these three genes and the effects of their polymorphisms on clinical, laboratory, and histological findings in relation to response to treatment in childhood NS and progression to ESRD have been studied.
Materials and Methods
Definitions NS was diagnosed by oedema, hyperlipidaemia, serum albumin below 2.5 g/dl, and urinary protein excretion greater than 40 mg/m 2 per hour. The standard steroid therapy regimen consisted of prednisone 2 mg/kg per day (maximum dose 60 mg/day) in a single dose or two divided doses for 4-6 weeks, followed by alternate-day prednisone at a single dose for eight weeks, and including any tapering off period. Complete remission was accepted as urinary protein excretion less than 100 mg/m 2 per day for at least three consecutive days, partial remission as 100-1,000 mg/m 2 per day, and steroid resistance as urinary protein exceeding 1,000 mg/m 2 per day together with no clinical improvement for 8-10 weeks. A relapse was denoted by recurrence of nephrotic-range proteinuria requiring the reinstitution of daily prednisone therapy after the urine had been protein free for at least four weeks. A frequent relapse was defined as three or more relapses within 12 months in an initially steroid-responsive patient. Steroid dependency was defined as the tendency to relapse while on or during tapering of steroid dose, or within 14 days of steroid withdrawal. In the steroid resistant cases, 30 mg/ kg (maximum 1,000 mg) IV methyl prednisolone was used in six divided doses on alternate days as recommended by Mendoza et al. 18 At least six months oral cyclosporine A at 3-5 mg/kg/day and oral cyclophosphamide at 2.5 mg/kg/day for 12 weeks or at 3 mg/kg/day for 10 weeks were used. The histopathological diagnosis of FSGS and MCD was made according to histopathological criteria as described by the International Society for Kidney Disease in Children (ISKDC) for children with NS. 19 Hypertension was described as systolic and diastolic blood pressure above the 95th percentile for the appropriate age group and height on three consecutive measurements. 20 Glomerular filtration rate (GFR) was estimated using Schwartz formula 21 and compared to a standard clearance formula. Normal renal function was defined as GFR >80 ml/minute per 1.73 m 2 , pre-dialysis chronic renal failure (CRF) as GFR 10-50 ml/minute per 1.73 m 2 , and ESRF as GFR <10 ml/minute per 1.73 m 2 .
Patients and Controls
The study included 158 (93 male, 65 female) Caucasian Turkish nephrotic syndrome patients were recruited from the department of Paediatric o C. The PCR products were separated by 2% agarose gel electrophoresis; the 335 bp DNA fragment with ethidium bromide staining was visualised in the UVP BioDocIt System Bio Imaging Systems. The I allele produced a 335 bp fragment, while no products were detected with the DD genotype, which assured the absence of mistyping.
Analysis of AGT Genotype
The AGT Met235Thr polymorphism was analysed according to Russ et al. 22 The T/C transition at nucleotide 704 (leading to a substitution of the amino acid Met to Thr) in exon 2 produces a 'half-site' for the Tth111I restriction enzyme (Promega, Madison, WI). Introduction of the corresponding half site is achieved by using a PCR primer with two mismatches. These are located at positions 4 and 5 from its 3' end and do not interfere with elongation (reverse primer, 5'CAGGGTGCTGTCCACACTGGACCCC-3'; forward primer, 5'-CCGTTTGTGCAGGGCCTGGCTCTCT-3').
(TIB MOLBIOL, Syntheselabor, Berlin-Germany). Amplification was carried out on a GeneAmp PCR System 9700 (PE Applied Biosystems, Foster City, CA) in a 25 µl reaction mixture in 0. o C for 7 minutes. The amplification yielded a PCR product of 165 bp. The PCR products for AGT gene was analysed on a 2.0% agarose gel prestained with ethidium bromide (0.5 µg/ml) for visualisation under ultraviolet light. Gels (15x15 cm) were run at 90 mV in 1xTBE buffer for 90 minutes. Digestion of 165 bp PCR product of AGT gene was performed with Tth111I restriction enzyme (Promega, Madison, WI) according to the manufacturer's instructions. The digestion products were analysed on a 3.0% NuSieve GTG (BMA, Rockland, ME) agarose gel prestained with ethidium bromide (0.5 µg/ml) for visualisation under ultraviolet light. In the presence of C at position 704, cleavage by Tth111I generates two fragments of 141 bp and 24 bp. In the presence of T allele at position 704 PCR product undigested and visualised as 165 bp.
Analysis of AT 1 R Genotype
The AT 1 R A1166C polymorphism was analysed according to Bonnardeaux et al. 10 A 100 ng genomic DNA was amplified by PCR (GeneAmp PCR System 9700, PE Applied Biosystems) in a 25 µl mixture of 1x GeneAmp PCR Buffer II ( 
Statistical Analysis
The allele distribution of ACE gene I/D polymorphism, AT 1 R gene A/C polymorphism and AGT gene M/T polymorphism were tested with Hardy-Weinberg equilibrium in patient and control groups. The student t-test was used for comparison of numeric variables within groups and Pearson correlation test was used for correlation of numeric variables. The chi-square test and Fisher's exact test (when appropriate) were used for the comparison of groups. The data was expressed mean±standard deviation (SD) and p values less than 0.05 and odds ratios with 95% confidence intervals not including one were considered as statistically significant.
Results

Patient's Characteristics
There were consanguinous marriages in 24 patients (15.2%) and family history of NS in 15 (9.5%) patients. On admission haematuria and 
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and normal renal functions were included in MCD group. However, at the beginning 102 (64.6%) of the patients were evaluated as steroid sensitive, 31 (19.6%) of them had the diagnosis of steroid dependent in follow-up period. The characteristics of patients are summarised in Table 1 . 
RAS gene Polymorphisms
Corticosteroid Response
There was no statistically significant difference for ACE and AT 1 R genotypes between the groups of steroid dependent and steroid responsive patients (p>0.05). There was however a statistically significant difference for AGT TT genotype in the steroid resistant group compared to sensitive controls (OR=4.837, 95% CI=1.723-13.577, p=0.01) (Figure 1 ). 
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Histological Effects
When the histological evaluation was made, we did not find any statistically significant difference between patients with MCD and FSGS and patients with and without FSGS for ACE gene I/D polymorphism, AT 1 R gene A1199C and AGT gene M235T genotypes (p>0.05).
Renal Dysfunction
There was no statistically significant difference for the ACE gene I/D genotype AT 1 R gene A1199C genotype and for renal dysfunction between two groups (p>0.05). A significantly increased risk in renal dysfunction has been found for the AGT gene TT genotype between the groups (OR=3.189, 95% CI=0.999-10.182, p=0.041) (Figure 2 ).
End-stage Renal Disease
No difference was found in the distribution of the ACE I/D genotype and AT 1 R A1199C genotype frequencies between groups with respect to the progression to ESRD (p>0.05). When looking at the risk of development ESRD for the AGT TT genotype, there was a statistically significant difference between patients and the control groups (OR=3.852, 95% CI=1.057-14.040, p=0.03).
In patients with renal dysfunction and ESRD no statistically significant difference was found for the MM or MT genotypes (p>0.05) (Figure 3 ).
Discussion
This is the first study in which the effects of all three RAS genes on the clinical progress of childhood primary idiopathic NS patients were studied. In recent years; it was understood that RAS has important effects on endocrine, regulation of blood pressure, fluid-electrolyte and acid-base balance so that it plays a central role on cardiovascular and renal physiopathology. It has been established that Ang II was found at 1,000 times' higher concentrations in tubulointerstitial fluid in the nephron than in the systemic circulation. 23 It was also shown that local RAS in the glomerular area, mainly on efferent arterioles, plays the main role in regulating glomerular filtration by changing the effective filtration area. It is also thought that the RAS in the tubulointerstitial area could induce absorption of Na + and HCO Ang II has two main receptors, AT 1 and AT 2 . Most of the known biological effects occur by activation of AT 1 receptors, for instance vasoconstriction, induction of synthesis and secretion of aldosterone, enhancement of smooth muscle proliferation and hypertrophy, profibrenogenic effects, and secretion of pro-inflammatory cytokines and free oxygen radicals. Induction of AT 2 receptors has the opposite effects. 25 Recently it has been shown that
NF-Kappa B has a key role in the action of AT 1 and AT 2 receptors and in particular on Ang II mediated inflammatory events. 26 The good responses in many experimental and clinical studies with ACE inhibitors and/or angiotensin receptor blockers in glomerular and non-glomerular renal diseases support this finding. [27] [28] [29] [30] [31] [32] [33] [34] In our study, while we could not find any statistically significant difference in the distribution of polymorphisms in the M/T alleles of the AT 1 R gene and A/C alleles of AGT genes between patients and control groups, we found significant difference in the distribution of I/D alleles of the ACE gene in the NS group as compared to the control group. No significant correlation was detected in the studies of Frishberg et al. with children and Luther et al. with adult NS patients for the frequency of RAS gene polymorphisms. 4, 7 In addition no correlation was found in many studies of ACE I/D polymorphism in children with nephrotic syndrome. 8, 35, 36 In our study, there were no associations between I/D of ACE and A266C gene polymorphism of AT 1 R and response to treatment, histological type and progression to ESRD. Different results have been reported from the studies of ACE I/D polymorphism in children with NS and other renal diseases. 4, 7, 8, 27, 28, [35] [36] [37] [38] In these studies, it was reported that the D polymorphism of ACE gene is a risk factor for the progression to ESRD in patients with FSGS, IgA nephropathy, hypertension and diabetic nephropathy. But it was also reported that no association was detected between the polymorphism of both AT 1 R and AGT and disease progression. It was also noted that the authors were not able to find any correlation due to the limited numbers of the cases in these studies.
In this study, for the first time in the literature, we related the effects of RAS gene polymorphisms to renal histology in primary idiopathic NS patients. We detected no significant effect of polymorphisms of any of the three genes on NS histology when we distribute the patients as FSGS and non-FSGS according to the biopsy and steroid response.
Although many factors such as environment, genetic and the treatment modality used are clinically important for the prognosis of the disease, the most important one is the response or resistance to the steroid treatment. When we evaluated our patients from this point of view, we found that the TT polymorphism of AGT gene in the steroid resistant group was significantly higher. No significant difference was found for the ACE and AT 1 R gene polymorphism.
Many factors were thought to be responsible related to progressive loss of renal function and progression to end-stage renal failure. One of them is the glomerular hyperfiltration. When the renal mass begins to decrease, residual nephrons become hypertrophied in compensation and there is progression to glomerular sclerosis as a result of hyperfiltration and intraglomerular hypertension. 39, 40 It was shown that, whatever the primary renal disease might be, nephrotic range long-term proteinuria progresses glomeruli to glomerular sclerosis. 41 When the kidney loses nephrons for any reason Ang II-mediated effects are observed: 1. changes in haemodynamics and tubular transport, 2. glomerular and tubular growth by proliferation and hypertrophy, 3. stimulation of fibrogenesis, 4. the infiltration of mononuclear cells leading to glomerulosclerosis and tubulointerstitial fibrosis. As a result renal function decreases rapidly and ESRD becomes inevitable. 24 When we assessed our patients according to RFD and ESRD, we did not observe any effects of ACE and AT 1 R genotypes on the prognosis, but we detected that that the TT polymorphism of AGT was a significant risk factor for progressive RFD and ESRD. We believe that detection of the adverse effects of TT polymorphism of AGT on steroid response may be a significant contribution to understanding mechanisms of progression to ESRD.
NS is one of the most commonly seen chronic glomerulopathies in childhood. The histology of FSGS, and especially steroid resistance seem to be the most important factors determining prognosis and accelerating progression to ESRD. On the other hand, the RAS is only one of the factors that effects progression. 42 
Conclusions
In our study our results have demonstrated that homozygous TT polymorphism of AGT is a genetic risk factor for progression of disease in childhood NS. The observations about the role of the RAS in kidney diseases and the effects of ACE-Is and ARBs, show that RAS blockage can be a treatment modality that will break the pathophysiologic cascade in renal diseases and prevent progression of damage. Larger studies are needed to confirm these findings. 
